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1
COMMUNICATION INTERFACE

The invention relates to communication interfaces
and is particularly applicable to communication inter-
faces for use with computer apparatus and the transmis-
sion of messages between computers or computers and
other devices connected thereto. The invention is par-
ticularly applicable to message transmission between
integrated circuit devices.

BACKGROUND TO THE INVENTION

Computer devices and other integrated circuit de-
vices may need to transmit messages to or receive mes-
sages from other devices. In some cases the message
transmission may occur between two interconnected
devices or between a large number of devices forming a
network. In such a network one or more of the devices
may be in the form of computer apparatus and other
devices may comprises a variety of peripheral equip-
ment.

The transmission of data between the integrated cir-
cuit devices can be accomplished by a variety of differ-
ent technigues. For communication over short distances
it is common to use a parallel data bus with many signal
wires shared between many devices. For communica-
tion over longer distances a serial communication sys-
tem may be preferred with pairs of devices connected
by one or two signal wires. The more devices that a

shared bus connects, the slower the maximum speed of

operation. This imposed a practical limit on the number
of devices which may be connected by a shared data
bus. Furthermore, it is inconvenient to use many paral-
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lel buses in a system on account of the large number of 35

signal lines and difficulties of arranging for communica-
tion between devices attached to different buses. There
18 no limit to the number of devices which may be con-
nected using individual serial connections between pairs
of devices provided that each device is equipped with a
number of links to which connections can be made.
However, existing serial connection systems are too
slow, too big or inappropriate in function to be used for
general purpose communications between microcoms-
puters and other devices in a system.

OBJECTS OF THE INVENTION

It is an object of the present invention to provide an
improved link interface for use in a serial communica-
tion system between communicating devices.

It is a further object to provide a link interface which
enables two-way communication two devices using
non-shared signal wires.

It is a further object of the present invention to pro-
vide a communication interface which enables a stan-
dard communication procedure to be used by a variety
of devices connected into a common network.

It is a further object of the present invention to pro-
vide an improved communication interface which will
permit communication between a variety of connected
devices which do not have a standard wordlength. In
this way communication is permitted between devices
which do not all use the same number of bits per word
in the process carried internally by each device.

It is a further object to provide an improved commu-
nication interface for providing serial bit communica-
tion which is independent of wordlength.
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SUMMARY OF THE INVENTION

The present invention provides a communication
interface to enable communication between a device
and a microcomputer, or between devices in a network
including one or more microcomputers, which interface
comprises an output channel for outputting data and an
input channel for receiving data.

The interface includes a packet generator coupled to
the output terminal. The packet generator outputs bit
packets in serial form. Two different formats can be
outputted. The first format is a data packet and the
second format is an acknowledgement packet. A packet
decoder is provided in the interface and is coupled to
the input terminal. It receives serial bit packets, of both
the data packet and acknowledgement packet type, and
determines whether each received packet is a bit packet
or an acknowledgement packet. Interlock control cir-
cuitry is coupled to the packet generator and to the
packet decoder. This control circuitry is responsive to
the receipt of a data packet and causes the packet gener-
ator to output an acknowledgement packet. It is also
responsive to the output of each data packet to prevent
the output of a further data packet until the input chan-
nel has received an acknowledgement packet. In this
manner, after each data packet is sent by the communi-
cation interface, it waits for an acknowledgement signal
to be received before sending another data packet.

Preferably the packet generator includes means for
controlling the length of each packet so that a data
packet includes a standard number of data bits. Prefera-
bly the interface is arranged to transmit and receive data
packets which each include one byte (eight bits) of data.
In this way messages can be trasmitted by use of the
interface which are independent of the word length of
the transmitting or receiving devices. A succession of
data packets may be involved in the message. For either
the transmitting or receiving machine the message may
consist of one or more words in accordance with the
wordlength of the device and this message may be con-
stituted by an appropriate number of bytes.

Preferably the packet generating means includes
counter means arranged to count each data bit which is
output in a packet and to provide a signal indicating
when the number of data bits reaches the standard,
whereby the packet generator outputs a predetermined
signal to indicate termination of the data packet. Prefer-
ably the packet decoder means includes counter means
to count the number of data bits received in an incoming
data packet and the packet decoding means is arranged
to provide a signal when the number of data bits reaches
the standard, said signal being received by the control
means and arranged to initiate action by the packet
generator means to output an acknowledgement packet.

Preferably the packet generator has means for gener-
ating a first format bit pattern followed by a succession
of data bits 1n order to output a data packet and a second
format bit pattern without data bits in order to output an
acknowledgement packet. The first and second format
may each be determined by two bits at the start of each
packet.

Preferably the input channel and output channel each
include a single byte register for holding eight bits of
data.

Preferably said control means comprises first latch
means settable to one condition in which it provides an
output signal to permit output of a data packet by the
packet generator means and settable to a second condi-
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3
tion in which it inhibits the output of a data packet, said
first latch means being arranged to receive a signal from
the packet decoding means on receipt of an acknowl-
edgement packet by the input channel in order to set the
first latch means to said one condition, and said first
latch means being arranged to receive a signal from the
packet generator means to set the latch means to said
other condition on completion of a data packet output.

Preferably said control means includes second latch
means settable to one condition in which it provides a
signal indicating to the packet generator means that an
acknowledgement packet should be output and settable
to a second condition in which it does not provide such
a signal, said second latch means being arranged to
receive an input responsive to the packet decoding
means to indicate that a data packet has been received
by the input channel and thereby set said second latch
means to said one condition in order to cause output of
an acknowledgement packet, said second latch means
having a further input responsive to output of an ac-
knowledgement packet by said packet generator means
in order to set said second latch means to said other
condition.

The signal timing in the input and output channels
may be controlled by clock pulses from timing means.

Two communicating devices each incorporating a
communication interface as aforesaid may use a com-
mon timing clock or alternatively they may be provided
with different timing clocks. The clocks having the
same frequency without a fixed phase relationship.

To permit use of separate clocks on separate commu-
nicating devices, the input channel of the aforesaid
communication interface may include synchronising
means for sampling the signal level at the input terminal
at a frequency higher than the bit frequency of the
incoming signal in order to detect a leading edge of a
first bit of a packet and to supply to said packet decod-
ing means signal levels after suitable time intervals from
detection of said leading edge in order that the signal
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level may provide a true indication of the bit pattern of 40

the incoming signal regardless of the phase of the in-
coming signal.

Preferably said synchronising means includes a suc-
cession of sampling flip-flops for detecting the leading
edge of the first bit of a packet.

The present invention also provides a communication
interface as aforesaid forming part of a link unit for
connection to any communicating device in order to
provide an output mechanism for that device and also to
provide an input mechanism for that device. Such a link
unit may have suitable connections to the remainder of
the device including connections to the input channel
comprising an input data path and an input control
signal line, and connections to said output channel com-
prising an output data transmission path and an output
control signal line.

The present invention provides a network of two or
more devices incorporating communication interfaces
as aforesaid either with a common clock or with differ-
ent clocks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates schematically a microcomputer of
the type described in our European Pat. Specification
No. 0111642,

FIG. 2 illustrates a network in which a microcom-
puter of the type shown in FIG. 1 is incorporated in a
personal workstation and connected to device control-
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ler incorporating link interfaces in accordance with the
present invention,

FIG. 3 illustrates the form of a data packet transmit-
ted by a link interface in accordance with the present
invention,

FIG. 4 illustrates the form of an acknowledgement
packet transmitted by a link interface in accordance
with the present invention,

FIG. 5 illustrates schematically the interconnection
between two devices each mncorporating a link unit in
accordance with the present invention,

FIG. 6 illustrates further detail of the construction of
a link unit in accordance with the present invention,

FIG. 7 illustrates more fully the arrangement shown
in FIG. 6,

FI1G. 8 illustrates an arrangement similar to FIG. §
but using separate clock pulses,

FIG. 9 illustrates a modified arrangement for the
packet generator and packet decoder when used with
the arrangement of FIG. 8,

FIG. 10 shows a modification of part of FIG. 7 for
use with the arrangement shown in FIG. 8,

FIG. 11 shows further detail of part of the arrange-
ment shown in FIG. 10

FIG. 12 is a signal diagram for use in explaining the
operation of FIGS. 10 and 11.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

This example provides a communication interface in
the form of a link unit to enable an integrated circuit
device to input or ocutput messages so as {0 communi-
cate with a microcomputer which may be of the form
shown in FIG. 1. This is described in our European Pat.
Specification No. 0110642 and will not be repeated.
However similar reference numerals have been used for
similar parts. The single integrated circuit device 11
incorporates a CPU 12 together with a ROM 13 and 20
and RM 19. External communications can be effected
through a plurality of serial links each having an input
pin 26 and an output pin 27 for a single non-shaped wire
connection to a further communicating device. FIG. 2
illustrates an example in which a microcomputer 11
sinilar to that shown in FI1G. 1 may receive input from
a keyboard 30 and is connected to an external memory
31. The microcomputer 11 is connected into a network
of integrated circuit devices including a disk controller
32 controlling a disk 33 and a graphics controller 34
connected to a screen memory 35 and arranged to con-
trol a screen unit 36. The connection between the con-
trollers and the microcomputer 11 are effected by non-
shared unidirectional wire connections coupled to serial
links 25 on the microcomputer 11. In order to effect
satisfactory message transmission each of the control-
lers 32 and 34 is provided with a link unit 37 which will
be described in more detail below.

Data which is transmitted by one link unit forms part
of a data packet having the format shown in FIG. 3. A
data packet consists of a start bit of value 1 followed by
a further bit of value 1 followed by one byte (eight bits)
of data followed by as stop bit of value 0. Such data
packets are transmitted on the unidirectional non-
shared single wires as indicated at 38 connecting the
cutput pin of one link unit with the input pin of another
link unit. On receipt of a data packet each link unit is
arranged to output an acknowledgement packet of the
type shown in FIG. 4. This consists of a start bit of
value 1 followed by a further bit of value 0. When a link
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unit is not transmitting a packet it continuously trans-
mits a signal of the O bit value. Correspondingly a link
receives O bits and ignores them until it receives the
start bit 1 of a packet. By selecting the standard number
of data bits for each packet to correspond to one byte of
data it enables link units to correspond with each other
when they form part of devices which do not have a
common wordlength. For example if a machine has a
wordlength of eight bits then it need only transmit one
data packet for each word. If it has a wordlength of 16,
24 or 32 bits, it will be arranged to transmit two, three
or four data packets per word.

FIG. § illustrates communication between two inte-
grated circuit devices 40 and 41 each incorporating a
link unit 37. In this example the integrated circuit de-
vices may comprise a microcomputer. Alternatively
one or more of the devices may comprise peripheral
equipment such as for example the controllers 32 or 34
in FIG. 2 each incorporating a link unit 37 so that the
message transmission system throughout a network of
interconnected integrated circuit devices is compatible
with the inclusion of one or more microcomputers. In
FIG. 5 each link unit 37 is connected to two pins on the
device. Both devices have an output pin 27 and an input
pin 26. A link between the two devices is formed by
connecting the two link units 37 by two unidirectional
non-shared wires 38 and 39 interconnecting respective
input and output pins and arranged to transmit the bit
packets serially along the wires.

It will be appreciated that the link units 37 provide a
communication interface which can be connected to
any suitable integrated circuit device to enable it to
communicate with another or with a microcomputer
even where the integrated circuit device was not ini-
tially provided with means enabling such communica-
tion. In FIG. § each of the devices 40 and 41 incorpo-
rates means for indicating the source or destination of
data to be output or input and it also includes store
means such as a register holding a count of the number
of bytes of data to be output or input. The link interface
will transmit each of the bytes in sequence and provide
control signals to the associated device so that the count
may be decremented to indicate when the full message
is transmitted.

The link unit will be described more fully with refer-
ence to FIGS. 6 and 7. FIG. 6 illustrates one link unit 37
and includes a single byte (8 bit) output register 144
which is used to hold data for output via the output pin
27. Similarly a single byte input register 145 is used to
hold data which is input to the link unit via an input pin
26. An output READY INDICATOR 147 indicates
that the output register 144 may be loaded via a bus 95
marked OUTPUT DATA connected to a data supply
within the integrated circuit device on which the link is
located. The bus 95 may supply the data as parallel
signals into the register 144, The READY INDICA-
TOR 147 indicates that the register 144 may be loaded
by providing a controel signal on line 94 marked OUT-
PUTACK. The indiciator 147 is cleared when data is
loaded into the output register 144. Similarly an input
READY INDICATOR 146 indicates by an INPUT
DATA VALID signal 98 when data may be taken from
the input register 145 on the INPUT DATA bus 97
leading to a data destination location within the inte-
grated circuit device on which the link unit 37 is lo-
cated. It will be appreciated that data i1s fed into the
input register from the input pin 26. The input READY
INDICATOR 146 is cleared when data is taken from
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6

the register 145. A packet generator 70 transmits data
and acknowledge packets of the type described with
reference to FIGS. 3 and 4 and a packet decoder 71
receives data and acknowledge packets from the input
pin 26.

In operation the packet decoder 71 inspects the input
pin 26 once every clock period, the clock period being
determined by clock pulses from a clock 93. When the
packet decoder detects a change of state of the input pin
from 0 to 1 it inspects the input pin at the next clock
period to determine whether the incoming packet is a
data packet or an acknowledgement packet. On detec-
tion of an acknowledgement packet it sets the indicator
147 and continues to inspect the input pin to identify the
start bit of the next packet. On detection of data packet,
the packet decoder 71 inspects the input pin 26 at suc-
cessive clock periods recording the successive states of
the pin in the input register 145. When all data bits of
the data packet have been taken from the pin 26 the
packet decoder 71 sets the indicator 146 and continues
to inspect the input pin to identify the start bit of the
next packet. The packet decoder 71 incorporates
counter means to count the bits received in each input
packet.

The packet generator 70 inspects the state of indica-
tor 146, inspects the state of the READY INDICA.-
TOR 147 and the READY INDICATOR 146 and sets
the state of the output pin 27 every clock period. When
data is loaded into the output register 144 and the indi-
cator 147 cleared, the packet generator records that a
data packet must be generated. Similarly when data 1s
taken from the input register 145 and the READY IN-
DICATOR 146 cleared, the packet generator 70 re-
cords that an acknowledge packet must be generated.
An acknowledge packet is generated by setting the
output pin to 1 and to 0. A data packet is generated by
setting the output pin to 1 and then to 1 again and then
to eight successive bits of the output register and then to
0. After each packet is generated the packet generator
70 determines whether a data packet or an acknowledge
packet needs to be generated and if so commences to
generate it. In the event that both a data packet and an
acknowledge packet need to be generated the packet
generator generates the acknowledge packet first.

The link interface consists of an output channel, an
input channel and control logic which 1§ illustrated
more fully in FIG. 7. The output channel includes an
output state machine 140 with a bit counter 141 and the
input channel includes an input state machine 142 hav-
ing a bit counter 143. Each state machine consists of a
state register to hold the current state of the machine
and a programmable logic array which responds to the
value of the state register and various input signals to
the state machine in order to produce a predetermined
pattern of output signals and a new value for the state
register. The link further includes an output register 144
connected to the output data bus 95 and arranged to
receive a byte of data. An input register 145 is con-
nected to the input pin 26 in order to receive incoming
data. The register 145 is connected to the input data bus
97 which may lead to a memory interfacein the device
to which the link unit is attached. The link interface also
includes two Ready Indicators, 146 and 147 which may
each comprise a flip-flop. It further includes two latches
148 and 149 which may each comprise a flip-flop. It also
includes three AND gate 150, 151 and 152 as well as an
OR gate 153. The output state machine 140 has a plural-
ity of inputs and outputs as follows:
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reference signal
numeral name purpose
160 Reset Link interface reset connected to line 101
161 Datago Initiate data transmission
162 Countzero  Test if bit count zero
163 Ackgo Initiate acknowledge transmission
outputs:
164 Loadcount Set Bit Counter to number of bits to be 10
transmitted
165 Deccount  Decrease bit counter by one
166 Oneout Set output pin 27 to one
167 Dataout Set output pin 27 to least significant bit
of shift register
168 Shiftout Shift data register one place 15
169 Datagone  Transmission of data complete
170 Ackgone Transmission of acknowledge complete
The input state machine 142 has inputs and outputs as
follows: 20
reference signal
numeral name purpose
inputs:
17 Reset Link interface reset connected to 25
line 101
172 Datain DPata from input pin 26
173 Countzero Test if bit count zero
outputs:
174 Loadcount Set Bit Counter to nunber of bits to be
received 30
175 Deccount Decrease bit counter by one
176 Shiftin Shift data register one place taking
least significant bit from pin
177 Setdataready Reception of data complete
178 Setackready  Reception of acknowledge complete
35
The succession of states for the output state machine
18 as follows:
QUTPUT STATE MACHINE 140 40
State Inputs Outputs Next State
1. any Reset idie
2. idle (ADatago) / \ (AAckgo) idle
3. dle Ackgo Oneout ackflag 45
4. idle (AAckgo) / \ Datago Oneout dataflag
5. ackflag Ackgone idle
6. dataflag Oneout databits
Loadcount
7. databits ACountzero DecCount  databits 50
Shiftout
Dataout
8. databits Countzero Datagone idile

The succession of states for the input state machine s
142 are as follows:

INPUT STATE MACHINE 142

State Inputs Outputs Next State
1. any Reset idle 60
2. 1dle ADatain idle
3. idle Datain start
4, start ADatain SetAckready idle
5. start Datain LoadCount databits
6. databits ACountzero Shiftin databits
DecCount 635
7. databits Countzero Shiftin dataend
3. dataend SetDataready idle

8

For both state machines, where a specific output is
listed under the output column, this means that a signal
1 i1s generated in order to indicate that specific output.
At all other times the signal value of each output not

5 listed is in the form of a zero. All inputs except those

listed under the input column are ignored. The symbols
V' /A and A are used to denote the boolean operations
AND, OR and NOT respectively.

The purpose of the latch 148 is to control the output
operation. Once a byte of data has been output the
signal from output 169 sets the latch 148 to a state which
controls the AND gate 150 to prevent further output
until the latch 148 is reset by an acknowledge signal
from output 178 from the input state machine. Similarly
the latch 149 controls the input operation. When data
has been received, the signal on line 177 sets the latch
149 to remember that data has been input until an ac-
knowledgement is sent. It controls the AND gate 152 to
permit an ACKGO input to the output state machine
until the latch 149 is reset by the output 170 indicating
that the acknowledge has gone.

The operation of this link interface is as follows. Con-
sider first the situation where a device wishes to output
data. The device causes data to be supplied to the out-
put register along bus 95 and an output data valid signal
96 sets the Ready indicator 147. The output of the indi-
cator 147 is fed to the AND gate 150 and the state of the
latch 148 is such that a DataGo signal is input at 161.
The output on pin 27 is derived through the OR gate
153 and therefore consists either of the signal on the
output 166 from the output state machine or the output
of the AND gate 151 dependent on the signal supplied
on output 167 from the output state machine. As can be
seen from the table of transitions for the output state
machine 140, when the machine is idle after being reset
there 18 no indicated output for line 166 and conse-
quently this transmits a signal level to the output pin 27
indicating a zero. When the DataGo signal is applied at
input 161 this corresponds to line number 4 of the state
table where there i1s an input DataGo and no AckGo
signal. As indicated this causes the signal Oneout on
output 166. This feeds a signal 1 to the output pin 27 and
forms the first bit of the data packet. The output state
machine then moves to the state called “DataFlag” as
can be seen from line 6 of the state table. In this condi-
tion with no further inputs the state machine causes a
further Oneout signal on output 166 and a loadcount
signal on output 164. This causes the second signal
value 1 to be output by pin 27 thereby forming the two
start bits of the data packet. The bit counter 141 is also
loaded with the number of bits to be output which in
this case would be 8. The output state machine is then in
the state called “databits” and as can be seen from lines

5 7 and 8 of the state table, this provides a dataout signal

to the AND gate 151 so as to allow the data contents of
the register 144 to be output to the output pin 27. A
shiftout signal on output 168 causes sequential discharge
of the data from the register 144 with a consequential
decrement in the count in the bit counter 141. When the
counter reaches zero as shown in line 8 of the state table
a Datagone signal is output at 169 which changes the
latch 148 and removes the Datago signal from the input
1651. As can be seen from line 8 of the state table, no
outputs on lines 166 and 167 are shown which means
that the signal value 0 is resumed on line 166 which is
fed through the OR gate 153 and the output pin 27
thereby forming the stop bit 0 at the end of the data
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packet. The output state machine returns to the idle
condition.

The output channel may also be used to send an ac-
knowledge packet. When the input channel has re-
ceived a byte of ata it sends a signal to the output state
machine in order to output an acknowledge packet. A
signal is fed to the AND gate 152 from the Ready Indi-
cator 146 and the state of the latch 149 at this time
permits the ACKGO signal to be applied to input 163 of
the output state machine 140. This corresponds to line 3
of the state table for the output state machine 140 and as
can be seen, this causes the output oneout on the output
166. This 1s passed through the OR gate 153 so that the
signal level on pin 27 is changed from the previous zero
level to indicate a 1 forming the first bit of the acknowl-
edge packet. This changes the output state machine 140
to the state called ACKFLAG and as can be seen from
line § of the state table for that machine, this causes no
further outputs on lines 166 and 167 and this means that
the signal level on output 166 changes back to the zero
level so that the signal level on the output 27 reverts to
zero giving the second bit of the acknowledge packet.
The output state machine 140 also causes an output
ACKGONE on line 170 so as to change the state of the
latch 149 and thereby alter the output of the AND gate
152 so that the ACKGO signal is removed from the
input 163. The state machine then returns to the idle
state.

The operation of the input state machine 142 will
now be described. The machine is reset by a reset signal
on line 101 and in accordance with line 1 of the state
table for the input state machine 142 this causes no listed
outputs but puts the state machine into the idle state. As
no outputs are listed the signals on all outputs will have
a zero signal level. Input 172 is connected to the input
pin 26 and so long as there is no Dataln signal the ma-
chine remains idle in accordance with line 2 of the state
table. As soon as a Dataln signal is received at input 172
due to the arrival of a start bit of either a data packet or
an acknowledge packet the state machine moves onto
line 3 of the state table causing no listed cutput but
moving to the state called start. if the next bit to arrive
at the input pin 26 is a 0 in accordance with the ac-
knowledge packet then line 4 of the state table for the
input state machine 142 will apply. The machine has
been put into the state called start by the arrival of the
first bit of the packet but as the second bit is a 0 there is
no longer a Dataln signal on line 172 and in accordance
with line 4 of the state table this causes the output SE-
TACKREADY on output 178 and the machine returns
to the idle state. The output on line 178 is fed to the
latch 148 in order to indicate to the output state ma-
chine that an acknowledge packet has been received. It
18 also fed to the Ready Indicator 147.

If however the second bit of the packet arriving at the
input pin 26 was a 1 rather than a 0 such that the packet
is a data packet, then line 5 of the state table would
apply in that the machine is in the start state due to the
first bit of the data packet and the input is now Dataln
on input 172. This causes the output loadcount on out-
put 174 so that the bit counter 143 is loaded with the
number of bits to be expected in the data packet. In this
case the number of bits will be 8 corresponding to 1 byte
of data. The machine moves to the new state databits
and as can be seen from line 6 of the state table, so long
as the input 173 does not reach zero the state machine
continues to cause a succession of operations of moving
the incoming bits successively along the input register
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145 due to the shiftin signal on the output line 176 and
it causes progressive decrease in the counter 143 due to
the DECCOUNT signal on the output 175. When the
count in the counter 143 reaches zero indicating that the
required 8 bits of data have now been received, line 7 of
the input state machine table applies in that the machine
18 still in the state databits and a count zero signal is
received on line 173. This causes a shiftin output on line
176 to move the last databit into the input register 145
and the machine changes to the dataend state. Line 8 of
the state table indicates that in this condition a Set-
Dataready signal is output on line 177 to alter the latch
149 and the Ready Indicator 146. The input state ma-
chine 142 then returns to the idle state. The Set-
Dataready signal which was supplied to the Ready
Indicator 146 causes the signal “input data valid” on
line 98 to indicate that a full byte of data has now been
received by the input register 14S.

It will therefore be seen that the link interface shown
in FIG. 7 provides a packet generator in the form of the
output state machine 140 with the associated bit counter
latches and gates so that data may be output in packets
of the type shown in FIG. 3 or acknowledge of the type
shown in FIG. 4. The input state machine 142 forms a
packet decoder together with its bit counter and latches
which can distinguish between receipt at the input pin
26 of an acknowledge packet or a data packet. In the
case of a data packet it loads the input register 145 and
provides an output from the Ready Indicator 146 when
a complete byte has been received. In the case of an
acknowledge packet it does not load the input register
145 but causes an output signal for use in controlling the
output of the next data packet. That output signal alters
latch 148 to permit transmission of the next datago
signal through the AND gate 150. It also causes the
output ACK signal on line 94 to indicate that a further
byte to be output can now be supplied along bus 95 to
the output register 144. When a byte of data has been
received by the input register 145 and then transferred
to its destination via bus 97, an input acknowledge sig-
nal is generated for line 99 so that an acknowledge
packet must be sent by the output pin 27 before another
byte of data can be input.

It will be seen that by use of the link interface shown
in FIG. 7, a message may consist of one or more bytes
of data each byte being separately transmitted in a
packet of the type shown in FIG. 3. As each packet of
the type shown in FIG. 3 is received by an input pin an
acknowledge of the type shown in FIG. 4 must be out-
put by the associated output pin before the next data
packet can be input. Similarly the output pin must away
an acknowledgment packet for each data packet which
1s output before it can proceed to outputting the next
data packet. Each byte must be separately sent and
acknowledged.

In the above described example both state machines
in the link interface are supplied with timing pulses from
a common clock. This will be used in controlling the bit
frequency of the data and acknowledge packets trans-
mitted by the output pin 27.

In the event that it is inconvenient to distribute the
same clock signal to two or more link units in a net-
work, a synchronising device may be incorporated to
ensure that the input pin of each link is inspected at the
correct time. FIG. 8 shows an arrangement similar to
FIG. 5 in which the signal clock 93 is replaced by two
separate clocks 43 and 44. These two clocks have a
common frequency but an unknown or varying phase
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relationship. In such a case the link unit 37 may be
modified as shown in FIG. 9. This illustrates a modified
arrangement for the packet generator 70 and packet
decoer 71 of the link unit of the device §0 which re-
ceives signals from the clock 43. A similar arrangement
would be provided for the link unit 37 on device 51. The
clock 43 provides clocks pulses on lines 78 to a divider
77 which may divide the pulse frequency by three so
that the packet generator 70 receives on line 79 one
clock puise for every three cycles of the clock 43. The
packet decoder 71 receives clock pulses through syn-
chronizer 72. The purpose of the synchronizer 72 is to
ensure that the packet decoder 71 only inspects the
input pin 26 when the state of the pin is not changing as
for example occurs on change of signal level from 0 to
1 at the beginning of a start bit of a packet. The synchro-
nizer 72 is connected to the pin 26 via line 73 and in-
spects the input pin 26 every clock period unitl the
change from 0 to 1 is detected. Starting one clock per-
10d later, it outputs a clock pulse on line 75 to the packet
decoder 71 and it supplies a clock signal on line 74 for
every three clock periods of the clock 43. On detection
of the last bit of a packet, the packet decoder 71 resets
the synchronizer 72 by a reset signal on line 76 so that
the synchronizer is synchronized with the next start bit
of a new packet.

It will be appreciated that in the arrangement of FIG.
9 the frequency of the bit signals supplied on lines 38
and 39 between two interconnected link units will be
one-third of the frequency of the clock 43 and conse-
quently the clock 43 acts as a relatively high frequency
clock permitting the synchronizer to sample the input
signals at a frequency well in excess of the bit fre-
quency. This enables the synchronizer 72 to detect the
leading edge of an incoming bit and to arrange for the
packet decoder to respond to the signal level on input
pin 26 at suitable time intervals delayed from detection
of the leading edge of a start bit such that a valid signal
is obtained by the packet decoder 71.

It will be appreciated that in the above example the
divider 77 is not restricted to dividing by three. The
clock 43 may operate at frequencies more than three
times that required on the input line 79 to the packet
generator 70. For example it may operate at five or
more times the frequency. For example, if n is the num-
ber of clock periods necessary to transmit each bit by
the packet decoder, the synchronizer 72 may operate by
detecting a change from 0 to 1 and then counting n+2
clock periods before outputting clock pulses to the
packet decoder every n clock periods.

An alternative arrangement for enabling the link units
37 to operate with separate clocks is shown in FIGS. 10,
11 and 12. FIG. 10 shows a modification to the input
channel to the link interface shown in FIG. 7. Similar
numerals have been used for similar parts. In this case a
high frequency clock 43 operates at five times the re-
quired clock frequency 93 which is fed to the output
state machine 140. The input signal from pin 26 is fed
through a sequence of sampling flip-flops 80 which
provides an output to the register 145 and also supplies
a signal on line 172 to the input state machine 142. The
high frequency clock pulses are supplied on line 82 to
the sampling flip-flops 80 and to the input 84 to the
input state machine 142. A line 83 connects the high
frequency clock 43 to a divider 81 which divides the
high frequency clock pulses by five and provides clock
pulses on line 93 for use by the rest of the link interface.
The sampling flip-flops are shown more fully in FIG. 11
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which shows that the input pin 26 is connected to a
succession of four sampling flip-flops 85, 86, 87 and 88.
Each flip-flop provides an output to the next flip-flop in
the chain. Each flip-flop also has an input from the high
frequency clock 43. FIG. 12 illustrates a start bit having
a frequency determined by the clock pulses 93. It also
shows the high frequency clock signal from clock 43
and the sampling periods which result from the use of
the flip-flops shown in FIG. 11. By use of the high
frequency clock as shown in FIG. 12, each flip-flop in
the chain of FIG. 11 samples the signal level on the
input line from pin 26 at the sampling periods indicated
in FIG. 12. That indicates that the signal level is sam-
pled five times for the duration of each bit of a packet.
The sampling is done continuously at the fixed fre-
quency of the high frequency clock. Generally a change
in signal level from 0 to 1 at the input pin 26 will arrive
between two successive samples. consequently one sam-
ple will show a value 0 while the next sample shows the
value 1. If however the change coincides with a sample
being taken the first sampling flip-flop 85 may go meta-
stable. The flip-flops in the chain shown in FIG. 11 are
arranged that when the high frequency clock sets the
flip-flop to take a sample, the output of the flip-flop
follows the input level. Between samples the flip-flop
retains the state of its input when the last sample was
terminated and applies strong positive feedback to re-
solve the state to a 0 or 1. If the input was changing
between 0 and 1 at the end of the last sample the flip-
flop will take some time to resolve the state and this
may take longer than one clock phase. In this event, the
next sampling period will cause the output from flip-
flop 2§ to be passed to flip-flop 86 which will have a
further opportunity to resolve the state between 0 or 1.
This occurs repeatedly with each of flip-flops 87 and 88
having further opportunities to resolve an output in any
case where the first flip-flop 85 took the sample at a time
of changing signal level between 0 and 1. In this way
the output 89 from the chain of flip-flops will have
decided whether the sample has signal level 0 or 1 and
will therefore enable detection of the leading edge of a
start bit of each packet arriving at pin 26.

In this arrangement the sequence of states of the input
state machine 142 are arranged to receive inputs on line
172 at the frequency of the high frequency clock 43. In
order to cause data to be loaded into the input register
145 at a time which corresponds approximately to the
centre of each bit in the incoming bit pattern, the transi-
tion table for the input state machine 142 is modified as

follows:

_INPUT STATE MACHINE _
State Inputs Outputs Next state
1. any Reset idle
2. idle A Datain idle
3. idle Datain start0
4. startQ start]
5. startl start2
6. start? start3
7. start3 start4
8. startd startd
9. start$ start
10. start A Datain SetAckready idle
11. start Datain LoadCount databits0O
12. databits) databitsl
13. databitsl databits2
14. databits2 databits3
15. databits3 databits
16. databits A Countzero Shiftin databitsO

DecCount
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~continued
INPUT STATE MACHINE
State Inputs Outputs Next state
17. databits Countzero Shiftin dataend(
18. dataend0 dataend1
19. dataend ! dataend2
20. dataend2 dataenxd3
21, dataend)l dataend
22. dataend SetDatready idle

It will be seen that in this case the input stage machine
142 1s changing state at the high frequency of the clock
43. The first signal on line 89 which detects a start bit at
the beginning of a packet will cause a signal Datain in
accordance with line 3 of the transition table. The ma-
chine then waits for seven high frequency clock periods
before checking in accordance with lines 10 and 11
whether the output from the sampling flip-flop 80 cor-
responds to another Datain signal. If the signal on lin 89
indicates that a data packet is arriving, the state machine
recycles through lines 12 to 16 for each bit period so
that data is advanced into the input register 145 only
once in each five high frequency clock pulse periods.
Furthermore lines 18 to 21 of the above state table delay
the output SetDatready to match the lower clock fre-
quency of the clock pulses 93.

It will be appreciated that the link units 37 may each
comprise a separate unit having suitable connections for
attachment to other devices. In this way each can be
attached as an adaptor unit to enable standard commu-
nication within a network for devices that are otherwise
unable to communicate in that network.

‘The invention is not limited to the details of the fore-
going example. It will be understood that the term mi-
crocomputer relates to smallsize computers generally
based on integrated circuit devices but it does not im-
pose any limit on how small the computer may be.

We claim:

1. A communication system interconnecting a first
device with a second device, at least one of said devices
comprising a microcomputer, said system comprising:

(A) a first communication interface connected to said
first device,

(B) a second communication interface connected to
said second device, each said communication inter-
faces being a synchronized bidirectional communi-
cation interface and comprising
(1) an output channel for outputting data, said out-

put channel including an output terminal for
transmitting data bits serially in an output direc-
tion only,

(1) an input channel for receiving data, said input
channel including an input terminal for receiving
bits serially in an input direction only,

(iii) a packet generator coupled to said output ter-
minal for outputting serial bit packets of first and
second types respectively comprising data pack-
ets having a first format and acknowledgement
packets having a second format, whereby the
interface may be used in bi-directional communi-
cation with a similar interface,

(1v) a packet decoder coupled to said input terminal
for receiving serial bit packets of both said types
and detecting whether each received packet is of
the first format or of the second format, and

(v) interlock control circuitry coupled to the
packet generator and to the packet decoder, said
interlock control circuitry being operable to
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prevent output of an acknowledgement packet
by said packet generator until receipt of a data
packet by said input channel, said interlock con-
trol circuitry being responsive to the output of
one data packet to prevent the output of a fur-
ther data packet until said input channel has
received an acknowledgement packet, whereby
a synchronizing interlock is provided between
the input and output channels of the interface,
(C) a first uni-directional communication line solely
interconnecting the output terminal of said first
communication interface with the input terminal of
sald second communication interface, thereby to
transmit along the same first communication line
data packets from the first device to the second
device and acknowledgement packets from the

first device to the second device, and

(D) a second uni-directional communication line
solely interconnecting the output terminal of said
second communication interface with the input
terminal of the said first communication interface,
thereby to transmit along the same second commu-
nication line data packets from the second device
to the first device and acknowledgement packets
from the second device to the first device.

2. A network of interconnected devices including a
plurality of microcomputers, said network having a
communication system according to claim 1 intercon-
necting each pair of devices.

3. A network according to claim 2 wherein different
devices within the network have different timing clocks
providing signals of a common frequency.

4. A communication interface according to claim 1
wherein in each communication interface, said packet
generator includes means for controlling the length of
each packet so that a data packet includes a standard
number of data bits.

5. A communication interface according to claim 4 in
which said packet generator generates data packets
each containing 8 bits of data.

6. A communication interface according to claim 4 in
which said packet generator includes a first counter
coupled to count each data bit which is outputted in a
said packet and to provide a signal indicating when the
number of data bits reaches a predetermined standard,
whereby the packet generator outputs a predetermined
signal to indicate termination of the data packet.

7. A communication interface according to claim 6 in
which said packet decoder includes a second counter
coupled to count the number of data bits received in an
incoming data packet, said packet decoder providing a
further signal when the number of data bits reaches said
predetermined standard, said further signal being cou-
pled to said interlock control circuitry to initiate action
by said packet generator to output an acknowledgement
packet.

8. A communication interface according to claim 1 in
which said packet generator includes means for gener-
ating a bit pattern having said first format followed by
a succession of data bits in order to output a data packet
and for generating a bit pattern having said second
format without being followed by data bits in order to
output an acknowledgement packet.

9. A communication interface according to claim 8 in
which satd first and second format are each determined
by two bits at the start of each packet.
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10. A communication interface according to claim 1
in which said output channel includes a first single byte
register, coupled to said packet generator, for holding
eight data bits to be output by sad packet generator.

11. A communication interface according to claim 10
in which said input channel includes a second single
byte register, coupled to said packet decoder, for hold-
ing eight data bits received by the input channel.

12. A communication interface according to claim 1;

said interlock control circuitry comprising a first

latch settable to a first condition in which it pro-
vides an output signal {0 permit output of a data
packet by said packet generator and settable to a

second condition in which it inhibits the output of

a data packet,

said first latch being coupled to receive a signal from
said packet decoder on receipt of an acknowledge-
ment packet by the input channel in order to set
said first latch to said first condition, and

said first latch being coupled to receive a signal from

said packet generator to set said first latch to said
second condition on completion of a data packet
output.

13. A communication interface according to claim 12,

said interlock control circuitry including a second

latch settable to a first condition in which it pro-
vides a signal indicating to said packet generator
that an acknowledgement packet should be output,
and settable to a second condition in which it does
not provide such a signal,

said second latch being coupled to receive an input

responsive to the packet decoder to indicate that a
data packet has been received by said input channel
and thereby set said second latch to said first condi-
tion in order to cause output of an acknowledge-
ment packet,

sald second latch having a further input responsive to

output of an acknowledgement packet by said
packet generator in order to set said second latch
means to said second condition.

14. A communication interface according to claim 1
further comprising first timing means for providing
clock pulses to said packet generator and packet de-
coder to control signal timing therein.

15. A communication interface according to claim 14,

said output channel including a second timing means

coupled to said first timing means, said second
timing means providing a signals at a predeter-
mined frequency and phase,

said input channel including signal synchronizing

means coupled to said first timing means to syn-
chronize incoming signals of the same frequency as
said predetermined frequency but having a differ-
ent phase,

said synchronizing means including means for sam-

pling signals received at said input terminal at a
frequency higher than said predetermined fre-
quency.

16. A communication interface according to claim 15
in which said means for sampling samples signal levels
at said input terminal at a frequency higher than the bit
frequency of the incoming signal in order to detect a
leading edge of a first bit of a packet, said means for
sampling also supplying to said packet decoder signal
levels after a time interval from the detection of said
leading edge so that the signal level provides a true
indication of the bit pattern in the incoming packet,
regardless of the phase of the incoming packet signals.

17. A communication interface according to claim 16
in which said synchronizing means includes a plurality
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of interconnected sampling flip-flops for detecting the
leading edge of the first bit of a packet.

18. A communication interface according to claim 1
further comprising means for connection to a device to
which the interface is to be attached for communication
purpose, said means for connection comprising an input
data path, an input control signal line, an output data
transmission path, and an output control signal line.

19. A method of effecting bi-directional synchronized
communication between a microcomputer and an inter-
connected device each having a communication inter-
face, which method comprises:

interconnecting an output channel of a first interface

with an input channel of a second interface by a
first non-shared, unidirectional communication line
which solely interconnects said output channel of
said first interface with said input channel of said
second interface:

interconnecting an input channel of said first interface

with an output channel of said second interface by
a second, non-shared, unidirectional communica-
tion line which solely interconnects said input
channel of said first interface with said output
channel of said second interface;

outputting data from said first interface by generating

a serial bit data packet having a first format and
transmitting said data packet through the output
channel of said first interface and said first commu-
nication line to the input channel of said second
interface:

preventing the output of a further data packet by the

output channel of said first interface until an ac-
knowledgement packet has been received by the
input channel of said first interface;

recetving and decoding the data packet at the input

channel of said second interface, and in response to
the detection of a data packet conforming to said
first format, causing the output channel of said
second interface to generate and output along said
second communication line a serial bit packet com-
prising an acknowledgement packet of a second
format;

receiving said acknowledgement packet at the input

channel of said first interface, decoding said ac-
knowledgement packet, and in response to deter-
mining that it conforms to said second format,
permitting the output channel of said first interface
to output a further data packet;

outputting data from said second interface by gener-

ating a serial bit data packet having a first format
and transmitting said data packet through the out-
put channel of said second interface and said sec-
ond communication line to the input channel of
said first interface;

preventing the output of a further data packet by the

output channel of said second interface until an
acknowledgement packet has been received by the
input channel of said second interface;

receiving and decoding the data packet at the input

channel of said first interface, and in response to
the detection of a data packet conforming to said
first format, causing the output channel of said first
interface to generate and output along said first
communication line a serial bit packet comprising
an acknowledgement packet of a second format;
and

recetving said acknowledgement packet at the input

channel of said second interface, decoding said
acknowledgement packet, and in response to deter-
mining that it conforms to said second format,
permitting the output channel of said second inter-

face to output a further data packet.
* =* » x ¥
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